“X-641-65-474

Ll v - B8 /

- EXCITATION OF ATOMIC HYDROGEN
BY PROTONS
% N66-1836G5
/A -
L X Bl A4

GPO PRICE $

" CFSTI PRICE(S) $

Hard copy (HC)

Microfiche (MF)

#f 653 July 65
|

BY
JAN M. CHESHIRE
EDWARD C. SULLIVAN

/.00

. 50

NOVEMBER 1965

——— GODDARD SPACE FLIGHT CENTER ———

GREENBELT, MARYLAND



Excitation of Atomic Hydrogen by Protons

by

Ian M. Cheshire and Edward C. Sullivan
Laboratory for Theoretical Studies
Goddard Space Flight Center, Greenbelt, Maryland



ABSTRACT

S - state excitation cross sections for proton=hydrogen

atom collisions are calculated by a non-adiabatic method.




In.this letter we consider excitation of hydrogen atoms according to
reactions of the type.

p + H(1s) - p + H(ns) (1)

using a generalization of the nonadiabatic theory of Temkin (1). ILet r and

R be the position vectors of the electron and incident proton relative to the
(stationary) target proton. Above a few keV we may safely apply the impact
parameter method which allows us to take R = p + vt where v is the velocity
of the incident proton and t is the time chosen such that at t = o the protons
have a minimum separation, g. The electronic wave function Y(z,t) satisfies

the time-dependent Schroedinger equation (in atomic units)

ro
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We have retained the interproton potential so that at large separations the
perturbation tends rapidly to zero.
Since we are here interested only in the excitation of s-states i

natural to approximate Y by

Yook s HE )R et

\
where i:R“s\v\ is the normalised hydrogenic s-state with principal quantum
number n and binding energy en. Substituting (3) in (2) and integrating over
the angular variables gives
) ) \ t) —
L= vy =+ VY T,ty=o0 (1)
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Equation (4) must be solved subject to the boundary conditions .
Lt ?ﬁkrt\— L\m §_\\“t\ (6)
>0

and for a hydrogen atom initially in the 1s state we must also have

€t
L\m {6 § U')t\} = R\s () (7\
t
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The problem defined above for §U’Jt\ closely resembles the zeroth order

problem of Temkin's nonadisbatic theory. As in Temkin's application, equation
(4) has a clear physical interpretation. Initially the electron sees only the
charge of the target proton. However, when the electron cloud is penetrated
by the incident proton, the electron sees a doubly charged nucleus. Thus a
temporary helium atom is formed which decays as the moving proton emerges from
the electron cloud.

The excitation emplitudes & ) can be obtained directly from equation

(3) 00
et
o, t) = € j Rue (V) & (8} ar (8)

or, by making use of equation (4) they can be written in the integral form

£ et , ,
oY= §, .+ '\\ ax' € R D Vine) §neydr (o)
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The boundary conditions at infinity, (6) and (7), are awkward to handle

numerically and it was found more convenient to make the transformations

5-E % v-tanlf) -
<t &

thus placing the entire problem within a box -‘{
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The boundary conditions on ¥ may now be simply stated

X LE,JT\_.) = ltan{g\exp(—tangﬂ (11)
X/(O)'V»:X(L{)/Y);O (12)

The finite (central) difference equation corresponding to (4) is
Ay =K (13)

where A is a tri-diagonal complex matrix, X is a column vector representing
the solution at some velue of T and K depends on previous values of 7. Using
a non-itterative technique developed by one of us (E. S.) (2) equation (13)
may be directly inverted and X (é,\f‘,\ obtained from a knowledge of

X (g)Y{.—\\ . BSince the initial condition at /\f-.-_-—%v_- is given by
(11) we can develope a numerical solution over the entire region -“—i <% ¢ 1{

Calculations were performed on the Laboratory's IBM 7094/7040 using a

400 x 400 point mesh on the g)nt plane. The unitarity requirement

W,
ll

(3 | % (€ ,¥)) sec™ & 48 (2%)

was confirmed to a very high degree of accuracy except for values of T close

to /2 where it was occasionally violated by as much as 2%. This was due to

an accumulated instability in X which greatly inhibited the convergence of the
excitation probabilities \OLW (’Y\\L when computed using equation (8).
However, the instability had an insignificant effect on the values of \d'y\_(t\ \L
computed from (9) which depends on the entire history of X rather than upon

its instantaneous value.
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The excitation cross séctions, computed from

Q (1s,n) = 1& eds | o, (X="a) |7 (15)

using the ol (2) obtained from (9) are given in the table.

QI corresponds to the sewave contribution to the ionization cross section and

was computed from

Q]‘_ = 9 ”S’AY {\—é \dh\“'l;\\z.}

where the complete sum was formed by extrapolating the computed results

(16)

above n= 7.
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